ABSTRACT PURPOSE We hypothesized that antibiotic overuse for acute cough illness (ACI) is in part due to a mismatch between patients' expectations and the natural history of ACI.
INTRODUCTION
A cute cough illness (ACI) is one of the most common reasons that patients seek care in the outpatient primary care setting. In 2006 there were more than 3 million outpatient visits in the United States for a chief complaint of cough and more than 4.5 million outpatient visits with a fi nal diagnosis of "acute bronchitis or bronchiolitis." 1 Overall, ACI accounts for approximately 2% to 3% of visits to outpatient physicians. 1 Although typically a self-limited condition caused by viruses, many patients seek care and request antibiotics for ACI. Even though the rate of antibiotic prescribing for ACI is decreasing (from 65% of visits for ACI in 1996 to 50% in 2006), it remains too high. 2 In addition, an increasing proportion of prescriptions are for broad-spectrum antibiotics, such as azithromycin and respiratory quinolones.
in their children. 3 Although a previous systematic review examined the natural history of ACI in children, 4 we were unable to identify a previous systematic review of the natural history of ACI in otherwise healthy adults. We were also unable to identify any published descriptions of patients' expectations regarding the duration of ACI in adults. We undertook the current study to explore this issue further, specifi cally to determine whether such a mismatch in fact exists and to better understand predictors of a belief in the effi cacy of antibiotics for ACI. A better understanding of these issues could help clinicians develop educational and public health strategies to reduce inappropriate demand for antibiotics.
This study was approved by the Human Subjects Committee of the University of Georgia.
METHODS

Systematic Review of the Natural History of ACI
We used the following strategy to search the MED-LINE database on February 1, 2011, with subsequent monthly searches to identify any additional studies through November 2011. The strategy is similar to that used by Hay and colleagues in their study of the natural history of cough in children 4 :
( This search yielded 258,693 abstracts. Adding limits of English or German, abstract, and human reduced the number to 84,536. Limiting the search to adults resulted in 39,006 abstracts. Because the focus of our study was the natural history of undifferentiated acute respiratory tract infection with cough in otherwise healthy adults, we added terms to exclude studies of sinusitis, pneumonia, tuberculosis, vaccinations, asthma, allergies, anthrax, chronic lung disease, or cystic fi brosis. The fi nal search strategy returned 478 abstracts.
Additionally, we performed the following search: (("duration"[Title/Abstract]) AND ("acute cough"[Title/ Abstract] OR "acute bronchitis"[Title/Abstract]). So doing yielded 26 studies, 6 of which were potentially relevant and had not been found previously by the above search strategy, and 2 of which were ultimately included. We also retrieved all clinical trials identifi ed in the reference list of the most recent Cochrane review of antibiotics for acute bronchitis, because the untreated placebo group in a clinical trial may be relevant to our study. Abstracts and unpublished studies were not used.
We reviewed each abstract in tandem and, where necessary, performed a detailed review of the full text to identify studies that met our inclusion criteria. All studies were reviewed by the principal investigator, an experienced researcher and family physician (M.H.E.); each study was also reviewed by one of the other investigators (one of whom was also a physician). Specifi cally, we included prospective cohort studies and controlled trials (where there was an untreated group of patients) that studied community-dwelling adult outpatients without serious pulmonary comorbidity. We selected only those studies that predominantly recruited patients with undifferentiated ACI, as well as studies of "acute bronchitis." Included studies had to gather data on the presence or severity of individual ACI symptoms or a validated cough severity score for at least 1 week.
We excluded studies set in the hospital, studies of adults with serious chronic respiratory illness, and studies of patients for whom there was a clearly suspected cause of cough (eg, pneumonia, sinusitis, anthrax, or infl uenza), because our goal was to study undifferentiated ACI. We also excluded studies in which patients were inoculated with a particular virus or of patients whose cough was induced pharmacologically, as well as studies of specifi c groups (ie, swimmers, mountain climbers, postoperative patients, postintubation patients, smokers). Finally, we excluded studies of prevention of acute respiratory infection, studies in which the predominant symptom was sore throat or rhinitis, and studies of postinfectious or chronic cough.
Data regarding study design and study fi ndings were abstracted in tandem by 2 of the investigators. Discrepancies were resolved by consensus. In clinical trials, we used data for only those patients who did not receive antibiotic, herbal, or antiviral therapy (ie, the control group). The total days with cough were directly reported by some studies and determined from examination of survival curves in others. Some studies reported the mean days of cough before and after enrollment in the study. If a study did not report the mean days of cough before enrollment but did specify a maximum number of days of symptoms before enrollment (ie, "acute cough for 7 or fewer days"), we used one-half of that number as an estimate of the mean days cough before enrollment. For example, 1 day if up to 2 days were specifi ed, 4 days if up to 7 days were specifi ed, and 7 days if up to 14 days were specifi ed.
Regarding quality assessment of included studies, we included only studies that gathered data prospectively for at least 1 week and had at least 80% follow-up (confi rmed by independent review of 2 researchers). Quality of included studies was not otherwise assessed;
such study design characteristics as allocation concealment, masking, and randomization method were not relevant because we included only patients from the placebo group.
Survey of the General Population Regarding ACI
We used the Georgia Poll, a random digit dialing survey of approximately 500 Georgia residents aged 18 years and older that is conducted twice each year by the Survey Research Center of the University of Georgia . Participants were asked about 1 of 6 randomly selected versions of the following scenario:
Suppose that you get sick and the main symptom is a cough. You are coughing up yellow mucus and have a slight fever (100.5 degrees). You are not taking any medicine for the cough. About how long do you expect that it will take from the time you fi rst feel sick until the time where you feel well and the cough is gone?
We created the 6 scenarios by altering the 3 types of cough (yellow sputum, green sputum, or dry cough) and whether the patient had a fever. We then asked participants the extent to which they believed that antibiotics were effective for the ACI described in the scenario using the following question: "Which of the following best describes how you feel about antibiotics for this illness?" Possible responses included the following: "antibiotics would always be helpful and would always reduce how long I am sick"; "antibiotics would usually be helpful and would probably reduce how long I am sick"; "antibiotics would sometimes be helpful and might reduce how long I am sick"; "antibiotics would rarely be helpful and would be unlikely to reduce how long I am sick"; "antibiotics would never be helpful, and would not reduce how long I am sick."
Finally, participants were asked whether they had ever been prescribed an antibiotic for an acute cough illness, whether they had asthma or chronic lung disease, and whether they had any chronic medical conditions. Basic demographic data (age, educational attainment, marital status, race, residence, income) were also obtained.
Analysis
Results are primarily descriptive; weighted means were calculated for mean days of cough and mean days of productive cough. Ranges are reported; standard deviation was not provided by 2 studies, making DerSimonian Laird random effects meta-analysis or a formal measure of heterogeneity such as the I 2 statistic impossible to calculate.
To analyze the survey fi ndings, we used a Pearson χ 2 test for bivariate analysis of categorical variables, Student's t test for comparison of 2 means, and analysis of variance (ANOVA) for comparisons of more than 2 means. Logistic regression was used to identify independent predictors of belief in the effi cacy of antibiotics, and linear regression was used to identify variables independently associated with the predicted duration of acute cough illness. Stata 11.1 (StataCorp, LP) was used for statistical analyses.
RESULTS
Systematic Review of the Natural History of ACI
We identifi ed 19 studies with between 23 and 1,230 patients that met our inclusion criteria. Characteristics of included studies are summarized in Table 1 . Followup ranged from 7 days to 2 months. Most studies explicitly excluded patients who were pregnant, had a clear indication for antibiotics (ie, pneumonia), had chronic lung disease, or had another serious chronic condition. When reported, the mean age ranged from 29.7 to 44.0 years. Eight studies took place in Europe, 7 in the United States, 3 in Russia, and 1 in Kenya. Outcomes reported by at least 2 studies included clinical cure, percentage coughing, percentage complete remission, and percentage unable to work; mean days of any cough, daytime cough, nighttime cough, and productive cough, and cough severity using the 20-point Bronchitis Severity Score. The Bronchitis Severity Score is a validated measure of symptoms of acute cough illness that rates the severity of 5 symptoms (cough, sputum, rales/rhonchi, chest pain during coughing, and dyspnea) from 0 to 4 points each, with higher scores indicating greater illness severity.
Results of the meta-analysis for the mean duration of any cough and subsets of cough are shown in Table  2 . The weighted mean duration of any cough was 17.8 days (range = 15.3 to 28.6 days), and for productive cough was 13.9 days (range = 13.3 to 17.4 days).
The range for the percentage of patients who were clinically cured 8 days after the onset of symptoms was 20% to 73%. 15, 16, 21 Because the outcome of clinical cure was defi ned differently by different studies, we did not attempt to pool these data. The percentage with cough 8 days after onset was more consistent (86.4% to 95.0%), likely because the 3 studies reporting this outcome were funded by the same sponsor, and thus used similar outcome defi nitions. 15, 16, 19 The percentage with cough at the end of the study was 91% at 16 days in 1 study, 11 73% at 17 days in a second, 13 and 82% at 21 days in a third. 8 Finally, 8 days after the onset of symptoms, 3 studies reported that the percentage of patients unable to work as a result of their ACI ranged from 33% to 52%. 15, 21, 22 The Bronchitis Severity Score at different points
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at the onset of cough is shown in Supplemental white, 27.6% African-American, 1.4% Hispanic, and the remainder multiracial or other. Regarding education, 44.0% were college graduates, and all but 6.5% were high school graduates. Regarding age, 26.7% were aged between 18 and 44 years, 45.7% were between 45 and 64 years, and 27.6% were 65 years or older. Based on a comparison with 2010 census fi gures for Georgia, the respondents were somewhat older, better educated, and more likely to be female than the general population but had a similar racial distribution. We believe they refl ect a typical population seeking care for ACI in the United States.
Approximately 20% of respondents to the Georgia Poll did not respond to the question regarding expected duration of cough in the scenario. Respondents to this question were younger (54 vs 63 years, P <.001) and more likely to be female (24% vs 16%, P = .03). The predicted mean duration of ACI among all respondents (n = 395) ranged from 6.9 to 9.3 days depending on the scenario, and from 6.5 to 9.2 days for respondents who had no self-reported history of asthma or chronic lung disease (n = 352). A histogram of the distribution of estimates by patients without chronic respiratory disease is shown in Figure 2 . The median estimated duration of an episode was 5 to 7 days, depending on the scenario. There was a trend to ascribe a longer duration of illness to episodes characterized by green sputum rather than yellow sputum or dry cough (8.7 vs 7.6 days, P = .06) and by episodes without fever (7.5 vs 8.5 days, P = .08).
In the bivariate analysis, a longer predicted duration of ACI was associated with previous use of antibiotics for ACI, self-reported chronic lung disease, female sex, white race, and lower educational attainment (Table 3) . A linear regression identifi ed white race, self-reported asthma or chronic lung disease, and female sex as independent predictors of a longer predicted duration of ACI.
We also examined the association between patient characteristics and belief in antibiotic effi cacy, classifi ed as either "antibiotics are always helpful" or "antibiotics are always or usually helpful." Bivariate predictors of the belief that antibiotics are "always helpful" for acute respiratory tract infections included lower income, less education, not being married, nonwhite race, a self-reported history of asthma or chronic lung disease, and previous prescriptions of antibiotics for ACI. Bivariate predictors of the belief that antibiotics are "always or usually helpful" included less education, nonwhite race, and previous prescriptions of antibiotics for ACI (Table 4 ). In the logistic regression (Table  5) , independent predictors of the belief that antibiotics are "always helpful" included nonwhite race (OR = 1.82, 95% CI, 1.14-2.94), some college education or less (OR = 2.08, 95% CI, 1.26-3.45), and previous antibiotics for ACI (OR = 2.2, 95% CI, 1.34-3.55).
DISCUSSION
We found a signifi cant mismatch between expectations of community-dwelling adults regarding the mean duration of a typical ACI (6.5 to 9.2 days) and the actual duration of ACI from the medical literature (approximately 18 days). The largest and best single study to date, a European collaborative study of 1,230 patients, 23 reported results similar not only to those of our study regarding mean duration of ACI (17.3 days) but also to the other 4 studies reporting this outcome in the literature (range 15.3 to 28.6 days). 6, 9, 17, 20 Furthermore, studies using the validated Bronchitis Severity Score also found that symptoms persisted beyond 2 weeks for many patients (Figure 1) .
The specifi c scenario (yellow sputum vs green sputum vs dry cough, and fever or no fever) had relatively little infl uence on the predicted duration of symptoms, with the difference between scenarios about 1 day. A shorter duration was predicted by men and by nonwhite respondents, whereas a longer duration was reported by those with self-reported asthma or chronic lung disease. This fi nding is not surprising, as patients with an acute exacerbation of asthma or chronic lung disease complicated by an acute respiratory tract infection often have a more protracted course. They also may be more aware of their symptoms and may have more episodes, thus providing a more accurate estimate of duration.
The mismatch between patients' expectations and reality for the natural history of acute cough illness has important implications for antibiotic prescribing. If a patient expects that an episode of ACI should last about 6 or 7 days, it makes sense that they might seek care for that episode and request an antibiotic after 5 or 6 days. Furthermore, if they begin taking an antibiotic 7 days after the onset of symptoms, they may begin to feel better 3 or 4 days later, with the episode fully resolving 10 days later. Although this outcome may reinforce the mistaken idea that the antibiotic worked, it is merely a refl ection of the natural history of ACI.
Other researchers have found that previous experiences with antibiotics, having a chronic medical condition, and believing antibiotics are helpful for viruses 
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predict a belief that antibiotics are helpful for ACI. 24 Our results are consistent with these previous fi ndings, in particular the belief of patients with a chronic respiratory illness and among those who have previously received antibiotics in the effi cacy of antibiotics. A Dutch study found that longer perceived duration of illness was associated with a greater perceived need for antibiotics, which supports our supposition that a better understanding of the typical duration of ACI could reduce demands for antibiotics. 25 Efforts to prevent inappropriate use of antibiotics for acute respiratory tract infection in general and ACI in particular have focused on labeling ACI as a chest cold rather than acute bronchitis, 26 providing delayed prescriptions, 27 using patient education leafl ets, 28 and emphasizing the distinction between bacteria and viruses (the CDC Get Smart: Know When Antibiotics Work campaign). 29 We suggest that setting appropriate expectations should be an additional component of these efforts.
It is therefore important that physicians emphasize the natural history of ACI with patients when they seek care for an episode of acute cough. Patients should be told that it is normal to still be coughing 2 or even 3 weeks after onset, and that they should only seek care if they are worsening or if an alarm symptom, such as high fever, bloody or rusty sputum, or shortness of breath, occurs. Our survey confi rmed that previous prescriptions of antibiotics increase the belief in their efficacy, creating the potential for a cycle of expectation and prescription.
We are unaware of data regarding physician knowledge of the natural history of ACI, an area for future research. If physicians also underestimate its duration, they may require continuing professional education to correct these beliefs. Finally, sources that provide advice for patients regarding ACI should be updated to emphasize an expected duration of 2 to 3 weeks until symptoms are completely resolved, sometimes longer.
Limitations of the current study include those of any systematic review: our conclusions are only as valid as the available literature and the completeness and accuracy of study reports in the published literature. In particular, some studies did not report standard deviation for means, making it impossible to perform a more statistically appropriate random effects meta-analysis. The consistency of the mean duration of ACI in the included studies is reassuring, though, with none reporting a mean duration of less than 15 days. Because most of the included studies were from countries in temperate climates, the fi ndings may not apply to tropical countries. The population-based survey is limited to adults in the state of Georgia and by the response rate; thus, it may not refl ect beliefs or expectations regarding ACI and antibiotic use in other parts of the United States or in other countries. We are reassured by the diversity of our population in terms of age, race, sex, income, and educational We found a large mismatch between patients' expectations regarding the duration of acute cough illness and its actual natural history based on a systematic review of the best available published evidence. We believe that education of the general public, the media, and physicians should emphasize appropriate expectations regarding the natural history of ACI in order to reduce inappropriate demands for antibiotics. 
